(naïve and unpaired). Rats in the naïve group were hanmechanisms of Akt/PKB activation (Filippa et al., 1999; Kandel and Hay, 1999). In our system, Akt phosphoryladled and exposed to the conditioning chamber for an equivalent amount of time without receiving shock. The tion is blocked by PI-3 kinase inhibitors (discussed later in this article). Thus, it is appropriate to measure the trained rats were exposed to a light CS, repeatedly paired with an aversive footshock US, whereas unpaired state of Akt phosphorylation as an index of PI-3 kinase activity. PI-3 kinase activity was determined by Western controls were exposed to the CS and US in an unpaired pseudorandom fashion. Fear memory was measured blot with an anti-phospho-Akt antibody (␣-P-Akt). After behavioral training, animals were sacrificed by decapita-24 hr after training using the potentiated startle paradigm (Cassella and Davis, 1986). Figure 1A shows that, tion, and the tissue of amygdala was removed for subsequent analysis. Figure 1B shows that the increase in Akt of the three groups, only rats in the trained group learned to associate the conditioning light with shock. This was phosphorylation was transient, which peaked at 10 min after training and subsided within 60 min [F (6, 30) ϭ 27.34, manifested as an increase in acoustic startle (172.3% Ϯ 23.5% of potentiation, n ϭ 12 rats) relative to naïve p Ͻ 0.001]. Newman-Keuls t tests revealed that differences existed between control and 10, 30, and 40 min (7.2% Ϯ 5.0%, n ϭ 6 rats, p Ͻ 0.001, unpaired t test) and unpaired controls (13.7% Ϯ 7.0%, n ϭ 6 rats, p Ͻ time points for the PI-3 kinase (p Ͻ 0.01). No significant difference was detected between control and 5 min or 0.01) immediately following CS presentation.
A well-documented PI-3 kinase downstream target is control and 60 min time points (p Ͼ 0.05) ( Figure 1C ). To determine whether activation of PI-3 kinase associated protein serine/threonine kinase Akt/PKB, whose activation is usually dependent on PI-3 kinase. However, in with fear memory occurred specifically within the amygdala, we also quantified Akt phosphorylation in the hipsome cells, there is evidence of PI-3 kinase-independent pocampus and cerebellum at 10 min after training. As increase is dependent on pairing light with footshock and is restricted to the amygdala. illustrated in Figure 1D , animals that received conditioning trials of light paired with footshock showed an increase in Akt phosphorylation in the amygdala (96.1% Ϯ PI-3 Kinase Is Activated Following LTP-Inducing 5.2%, n ϭ 6 rats) compared with unpaired controls Tetanic Stimulation (40.4% Ϯ 2.4%, n ϭ 6 rats, p Ͻ 0.005, unpaired t test).
LTP at sensory input synapses to the LA and BLA is a On the other hand, acquisition of visual-conditioned fear candidate mechanism for memory storage during fear did not lead to an increase in Akt phosphorylation in conditioning (Rogan et al., 1997; McKernan and Shinthe hippocampus (conditioned, 63.7% Ϯ 4.8%; unpaired nick-Gallagher, 1997). We therefore examined whether control, 60.9% Ϯ 1.7%, n ϭ 6 rats each, p Ͼ 0.1) and PI-3 kinase is activated in response to LTP-inducing cerebellum (conditioned, 49.3% Ϯ 3.6%; unpaired contetanic stimulation (TS) at cortical synapses to LA. Field trol, 42.1% Ϯ 1.7%, n ϭ 6 rats each, p Ͼ 0.1). No change excitatory postsynaptic potentials (fEPSPs) in the LA was observed when blotted membrane was reprobed neurons were elicited by stimulating external capsule, with an antibody that recognizes Akt independently of which carries axons from the secondary auditory and its phosphorylation state, suggesting that the observed perirhinal cortices to the amygdala. The external capsule P-Akt increment is not due to an increase in the total was chosen for the site of stimulation because light amount of Akt. These results suggest that fear conditionwas used as CS in our behavioral experiments. Previous reports suggested that input from the retina may reach ing increases the activation of PI-3 kinase and that the Figure 2B shows that delivery of four sets of TS at an interstimulus interval of 3 min produced after the stimulation were 134% Ϯ 23%, 108% Ϯ 26%, 86% Ϯ 14%, and 88% Ϯ 14% (n ϭ 6) of control, respeca long-lasting robust enhancement of synaptic responses in control slices. The slopes of fEPSP were tively. The difference between control and the wortmannin-treated group was statistically significant at 1 (p Ͻ 213% Ϯ 18%, 201% Ϯ 15%, 189% Ϯ 16%, and 178% Ϯ 17% (n ϭ 6) at 1, 2, 3, and 4 hr after the stimulation, In these experiments, cytosolic fractions of LA and BLA significantly affect synaptic responses (95% Ϯ 5% and 102% Ϯ 4% of control, n ϭ 6 in each case). Furthermore, homogenates were immunoblotted with an antibody that specifically recognizes dually phosphorylated MAPK (both in three additional experiments in which several stimulus intensities were applied, wortmannin or LY 294002 did p44 and p42 isoforms), as well as an antibody against total MAPK. Figure 3A shows that TS led to a significant not affect input-output relationship (n ϭ 3 in each case) ( Figure 2C) . increase in the phosphorylation of p42 (148.8% Ϯ 3.4%, n ϭ 6, p Ͻ 0.01) and p44 (158.7% Ϯ 6.1%, n ϭ 6, p Ͻ We assessed PI-3 kinase activity by Western blotting after the induction of L-LTP. Slices were given four trains 0.01) compared with nontetanus controls. No changes in the immunoreactivity against MAPK were detected, of TS and were removed from the recording chamber 10, 30, or 60 min after the last TS. PI-3 kinase activity suggesting that the total amounts of p44 and p42 MAPKs were not altered. We next determined the effect was monitored by Western blot with ␣-P-Akt antibody. 8.7%, n ϭ 7, p Ͻ 0.001) and p44 (168.0% Ϯ 7.6%, n ϭ 54% Ϯ 5%, n ϭ 6; U0126 treatment, 61% Ϯ 6%, n ϭ 6; p44, forskolin, 191% Ϯ 18%, n ϭ 6; PD 098059 treat-7, p Ͻ 0.001). The increase could be attributable to the stimulation of PKA, because it was mimicked by Spment, 79% Ϯ 8%, n ϭ 6; U0126 treatment, 77% Ϯ 9%, n ϭ 6). cAMPS (50 M; P-42, 159.4% Ϯ 7.1%; P-44, 164.6% Ϯ 7.6%, n ϭ 7, p Ͻ 0. . We found that there is a significant increase in P-CREB and a retention test was performed 1 hr after fear condiimmunoreactivity in tetanic (274.7% Ϯ 17.6%, n ϭ 6 tioning. Figure 5C shows that when tested 1 hr after rats, p Ͻ 0.01) and forskolin-treated slices (266.1% Ϯ training, rats did not appear to show deficits in fear 26.2%, n ϭ 7 rats, p Ͻ 0.01) (Figures 7A and 7B ). Simimemory (130.7% Ϯ 28.8% of increase, n ϭ 6 rats). Howlarly, immunoblotting of neuronal nuclear fraction from ever, in the same rats tested 24 hr after conditioning, conditioned rats depicted an increased phosphorylation there was a significant effect for drug treatment of CREB (250.0% Ϯ 13.8%, n ϭ 6 rats, p Ͻ 0.001) in the (17.5% Ϯ 12.5% of increase, n ϭ 6 rats, p Ͻ 0.01 versus amygdala neurons ( Figure 7C ). The increases in immu-1 hr test). In contrast, control rats that received vehicle noreactivity by TS, forskolin, or behavioral training were only exhibited normal startle reflex. Cannula tip placecompletely blocked by the PI-3 kinase inhibitors. These ments in these experiments are shown in Figure 5D . results suggest that CREB phosphorylation is depenTo exclude the possible toxic effect of wortmannin dent on PI-3 kinase-mediated cascade. on the amygdala, rats that received 5 g wortmannin or vehicle 30 min before training on day 1 were tested for retention 24 hr later (day 2). As can be seen in Figure  Discussion  5E , the wortmannin group exhibited a significantly lower degree of startle reflex. Three days after testing, this PI-3 kinase has widely been implicated as an intracellular transducer of survival signals initiated by various group was subsequently retrained without drug treatment. Thus, on day 5, the animals were presented with growth factors (Yao and Cooper, 1995; Dudek et al., Figure 5E , rats study provide the first evidence of a requirement of PI-3 kinase activation in the amygdala for memory consolidathat had impaired memory caused by drug treatment (26.7% Ϯ 2.6% increase, n ϭ 6) now exhibited a normal tion and synaptic plasticity. First, behavioral training in a fear memory task was accompanied by a transient level of startle reflex (103.7% Ϯ 9.9%, n ϭ 6, p Ͻ 0.01). These results suggest that the effect of wortmannin was activation of PI-3 kinase. The control group that received CS and US in an unpaired fashion did not present any reversible and appeared not to cause permanent impairment on the amygdala function. Figure 5F illustrates the increase, indicating that PI-3 kinase activation is specific to the learning component of the task. In addition, this cannula tip locations in these experiments.
1997; Miller et al., 1997). The results presented in this a light and foot shock and were then tested for fear retention 24 hr later (day 6). As shown in
To confirm that wortmannin was indeed capable of activation was restricted to the amygdala, but not the hippocampus or cerebellum. However, only a single time inhibiting fear-induced PI-3 kinase activation in the amygdala in vivo, we bilaterally infused wortmannin or point (10 min after training when Akt phosphorylation reached its peak in the amygdala) was tested for the vehicle 30 min prior to training. Immunoblotting for P-Akt was performed 10 min after training from tissues of the hippocampus and cerebellum. Therefore, it is possible that learning-related Akt phosphorylation may occur in LA and BLA surrounding the cannula tips. As shown in Figure 6 , wortmannin also significantly inhibited behavthese areas at other time points that we have not exam- 
